Introduction
The American College of Obstetricians and Gynecologists committee on professional standards declared in 1989 that hospitals with obstetric services should have the capacity to begin a cesarean delivery within 30 min of the time that the decision is made to perform the procedure. [1] Recent (National Institute of Clinical Excellence [NICE] , UK) guidelines 2011 [2] also suggested that to measure the overall performance of an obstetric unit, decision-to-delivery interval (DDI) should be used as 30 min for Category 1 CS (immediate threat to life of women or fetus) and both 30 and 75 min for Category 2 CS (maternal and fetal compromise that is not necessarily life-threatening). The guidelines also proposed that even if the DDI was to fall outside 30 min, it is not necessarily indicative of substandard practice. The 75 min DDI time is added as a clinically important standard since delay of more than 75 min, particularly in the presence of fetal or maternal compromise, is found to be associated with poor outcome. [3] The Confidential Enquiry into Stillbirths and Deaths in Infancy in the year 2000 identified the late arrival of anesthesia personnel and delays in provision of anesthesia as the main anesthetic factors contributing to the delay in delivery of the baby. [4] Various teaching and general hospitals worldwide have carried out audits on their response time for emergency cesarean sections (CSs) to assess if the proposed standards could be met in their institutions. [5] [6] [7] [8] However, such audits from India are reported sporadically highlighting the reasons for delay in DDI, which are different from developed countries. [9] [10] [11] Thus, the present study was designed to audit the "decision-to-delivery interval" (DDI) for emergency CS, to determine whether the current standard of 30 min is achievable routinely and to analyze the impact of DDI on the maternal and fetal outcomes. Factors related to patient, obstetrician, anesthesiologist, staff, and resource constraints, contributing to delay in DDI were also evaluated.
Material and Methods
After getting approval from the Institutional Ethics Committee, a 1-year prospective audit was conducted at a tertiary care hospital attached to a medical college. The data were collected prospectively for DDI in all consecutive women undergoing emergency CS (Category 1 and 2 of NICE guidelines) [12] for a period of 1 year, which was defined as the study population (n = 453) and included Category 1 (n = 287) and 2 (n = 166) CS. Category 1 CS (immediate threat to the life of the woman or fetus) included CS for acute fetal distress, cord prolapse, and uterine rupture, and Category 2 CS (maternal or fetal compromise that is not immediately life threatening) included CS for antepartum hemorrhage, obstructed labor, and failure to progress in labor with maternal and fetal compromise.
The DDI for emergency CS was defined as the interval in minutes from the time of the decision by obstetrician to the time of delivery of the baby. The total DDI was calculated as a continuum of the following four intervals: At the outset, a meeting was held between obstetricians, anesthesiologists, neonatologists, Operation Theatre (OT) staff, and the expected time intervals between various stages of communications, arrival of personnel, and execution of anesthesia and delivery were discussed. To be able to achieve a standard DDI of ≤30 min in Category 1 and 2 CS, it was decided that each unit (Steps A-E) would require adhering to a specific time frame of 10 min (Interval I-III) and 5 min (Interval IV).
The following outcome variables were documented in the structured proforma: maternal demographic profile, indication for CS, time of the day, mode of anesthesia, delivery intervals (I-IV), overall DDI, reasons for their delay, maternal and perinatal outcome, APGAR scores at 1 and 5 min, and need for admission in Neonatal Intensive Care Unit (NICU). The DDI was further divided into categories of DDI ≤30 min, >30-75 min, and >75 min. 
Statistical analysis

Results
Demographic data
During the study period, 20,075 deliveries were conducted, of which 4077 (20.3%) were cesarean deliveries. 
Diurnal variations
We analyzed DDI during the three time intervals according to duty shifts, and observed that 131 (28.9%) CSs were performed in the 8 a.m. to 2 p.m. shift, 144 (31.8%) in evening hours of 2 p.m. to 9 p.m., and 178 (39.3%) during the 9 p.m. to 8 a.m. shift. Mean DDI was significantly more overnight (41.3 ± 11.3 min) as compared to the two daytime frames: 33.5 ± 17.5 min (8 a.m. to 2 p.m.) and 35.7 ± 10.3 min (2 p.m. to 9 p.m.) (P = 0.045). The details of the delays in the four intervals are given in Table 2 . Delays of >10 min occurred in 51.% (Interval I), 22.7% (Interval II) and 2.4% (Interval III). Delay of > 5 minutes occurred in 16.8% of patients for Interval IV.
Reasons for delay in decision-to-delivery interval
An analysis of various reasons contributing to delay in each of the interval (I-IV) showed that delay occurring in one interval did not necessarily translate to other intervals [ Table 3 ]. Thus, overall delay in meeting WHO recommended that DDI (30 min) occurred in 261/453 (57.6%) patients. When reasons of delay were further analyzed, the most significant factor was system delay in shifting of patient to operation theater which took 15-20 min in 100/453 (22.1%) cases.
Another important factor was lack of resources or staff in 73/453 (16.1%) cases. Anesthesia factors were responsible for delay in 82 (18.1%) cases because of procedural delay in 61 (13.5%) cases, nonavailability of senior anesthetist on-site in 10 (2.2%) cases, and time for conversion to GA in 11 (2.4%) cases. Obstetrician factors were responsible for delay in 24 (5.3%) cases, and patient factors contributed to delay in 16 (3.5%) cases [ Table 4 ]. 
Association of Maternal and neonatal outcomes with decision-to-delivery interval
Maternal complications occurred in 3.3% (n = 15) emergency CS, which were hemorrhagic shock requiring vasopressors and blood transfusion. The occurrence of maternal complication was not affected by DDI (P = 0.164). Maternal mortality occurred in 3 (0.7%) cases. These three patients underwent CS under general anesthesia for abruptio placentae, rupture uterus, and for placenta previa with DDI of 35 min, 37 min, and 203 min, respectively. Mean DDI in nonsurvivor patients (91.0 ± 97.0 min) was significantly longer compared to patients who had satisfactory outcome (36.8 ± 15.7 min), P = 0.001. In all the three cases, delay in DDI occurred at Stage I (shifting of patients to OT).
Perinatal neonatal complications included intrauterine deaths (IUDs) in 24 (5.3%), and admissions to NICU in 51 (11.3%) due to birth asphyxia in 29 (6.4%), meconium aspiration in 17 (3.8%), respiratory distress in 3 (0.7%), anorectal malformation, and low birth weight in one each (0.2%). Among 51 NICU admissions, 23 (5.1%) had a negative outcome with 28 (6.2%) survivors, thus increasing the total neonatal mortality to 47 (10.4%) with IUD in 24 (5.3%) and NICU deaths in 23 (5.1%).There was no statistically significant association between DDI and occurrence of neonatal complication (P = 0.084), neonatal mortality (P = 0.136), IUD (P = 0.145), and APGAR <7 at 1 min (P = 0.242) and 5 min (P = 0.451).
Discussion
Attempts to enforce an ideal time limit to minimize morbidity related to CS, have been a subject of intense research by obstetricians as well as anesthesiologists. [3, 6, 13, 14] To conform to the recent NICE 2011 guidelines, it is mandatory that obstetric units should conduct regular audits of their DDI. [8] [9] [10] In our audit, we observed that only 42.4% of emergency CS conformed to the 30 min DDI recommended by WHO while 57.6% cases had a >30 min DDI, the mean DDI being 37.2 ± 17.4 min. Two Indian studies [10, 11] have shown a mean DDI of 38.2 ± 12.5 min [11] and 42.6 ± 19.4 min [10] while some of the Western counterparts [15, 16] showed a mean DDI of 32 ± 13 min [15] with 45% deliveries occurring in <30 min and 93% deliveries occurring in <75 min. Kolås et al. [16] found an 11.8 min DDI for emergency CS while Helmy et al. [13] found the recommended DDI exceeded in 64% of cases of CS.
In contrast, much longer DDI has been observed in reports from some of the African countries, for example, Onah et al. reported a DDI of 511 min from Enugu and 201 min from Abiya, [17] while Yakasi found a mean DDI of 137 min at a tertiary center from Northern Nigeria. [18] In our study, there was only one case with a DDI of 203 min who had a negative fetomaternal outcome (other two nonsurvivors had a DDI of 35 min and 37 min, respectively).
The maximum delay occurred at Interval I due to delay in shifting of patient to OT (P < 0.05). Failure to achieve the desired DDI resulted from delay in obtaining consent, sending blood for grouping, cross matching, delay in shifting to OT, nonavailability of OT degree of clinical urgency not being perceived by the obstetric team, and procedural delay during induction of anesthesia.
The main sources of delay were in transferring women to operating theater and in starting the anesthetic as was also observed by Helmy et al. [13] The other reasons cited by various authors [6, 10, 11, 13] for delay were nearly similar, such as delay in obtaining consent, delay in shifting women to OT, multiple attempts at spinal anesthesia, delay in the availability of staff because of another CS, and because the degree of clinical urgency was not perceived in the same way by all members of the healthcare team. Operating suite bottlenecks and transfer time to the OT emphasize the importance of equipping labor wards for emergency surgery. [19] The major cause of delay observed by Yakasai et al. [18] from Nigeria anesthetic delay in nearly 40%. However, attempts to shorten the anesthetic time by altering established anesthetic techniques can, at the most, provide a modest time saving. A time pressured environment can lead to a significant threat to patient safety. Seniority of the surgeon was a significant predictor in achieving the recommended 30 min rule [16] as was also seen in our study as one of the multiple factors leading to delay in 12 patients (2.6%). At tertiary care centers attached to teaching medical colleges, it should be ensured that emergency CS 1 and 2 categories should be conducted under supervision of consultants with an eye on recommended time spans. Cerbinskaite et al. [15] reported that for emergency cesareans, delivery is most likely to be achieved within 30 min if the complement of qualified midwives on a delivery suite is sufficient to allow one-to-one care to be provided to women in active labor. More specifically, failure to provide this level of care hinders the woman's transfer to the operation theater; however, once the woman has arrived in theater, the laboring woman to midwife ratio has no further bearing on the delivery time of the baby.
In resource-constrained hospitals like ours, the condition is further worsened by the fact that these midwives/ward-helpers have additional duties such as arranging for basic resources. Therefore, adequate recruitment of ancillary staff, better technologically advanced communication equipment, and protocol with regular "fire drills" can all reduce the delay in DDI.
Rashid and Nalliah [20] reported that the recommended "30 min rule" DDI cannot be achieved in routine practice. Its practicality and implications on negative neonatal outcome were questioned because there was no strong evidence to support a 30 min DDI in all cases. Factors causing delay in initiating emergency cesarean delivery were described as delay in transferring the patient to the theater, induction of anesthesia, inadequate coordination between the anesthesia and neonatology teams, and lack of essential drugs and blood transfusion service. They suggested that it is obligatory for hospitals offering labor and delivery services to have coordinated teamwork and in-house obstetricians, anesthetist and theater staff, and neonatology support to manage unpredictable acute emergencies that mandate immediate operative deliveries.
In contrast, Amankwah et al. [21] accept that a DDI of 30 min is a realistic goal. In their study, the median DDI was 16 min, 98% deliveries during the study period being achieved within 30 min. DDI more than 30 min in two cases was found, and both cases were later classified as less urgent. In both of these cases, delay occurred due to unavailability of surgeon who was attending to concurrent emergency in one case and another obstetrician on call had to be called. No delays were related either to transporting the patient to the operation room or to the mode of anesthesia used. The patient was often ready for surgery within 8 min (one-half of total DDI).
Yakasai et al. [18] found a delay of >30 min DDI in 307/350 (87%) cases. Anesthetist delay occurred in 126 (41%) cases, lack of theater space in 41 (13%) cases, shift/change over period for labor ward and theater staff accounted for 29 (9.5%) cases, lack of available blood in 25 (8%) cases, and delay in obtaining consent for surgery in 22 (7%) cases. Other researchers have also observed anesthetic delay, [6, 13, 17, 22] lack of theater space, [23, 24] and delay from obtaining consent. [25] Mean DDI was significantly more in 9 p.m. to 8 a.m. shift compared to evening (35.7 ± 10.3 min) and morning shifts. This was attributed to increased presence of senior staff of obstetrics and anesthesia "on floor" in the morning hours. In a recent study [10] from India, the mean DDI during the day was 30.3 ± 19.7 min versus 49.9 ± 20.8 min at night. However, Mackenzie and Cooke [5] and Cerbinskaite et al. [15] found no significant association between DDI and time of delivery by CS. Cerbinskaite et al. [15] from the UK reported that in most of the obstetric units in the UK, the pattern of medical staffing during the day time differed from that seen overnight on the study site. The consultant obstetrician and anesthesiologist provided "on call" services rather than "on-site services" in the night time, but they found no significant association between DDI and time of delivery. Though we found increased DDI during the night shift, it was not associated with adverse perinatal outcome, as in other literature. [17, 18, 23, 26, 27] In our study, the occurrence of maternal complications was not affected by DDI. Yakasai et al. [18] found 83.4% had good outcomes and only 16.6% had at least one bad outcome.
Recently Korda and Zimmermann, [8] analyzed a 5 years impact of a new departmental protocol on emergency CS target time, with respect to DDI (crash call to birth); pathology-to-decision interval (PDI) pathology to crash call, the 5-year learning curve, and perinatal outcomes in mother and neonate. The PDI was timed from the beginning of pathology to crash call (for e.g., beginning was timed manually from the electronic CTG; while vaginal bleeding was timed from midwife's call to the obstetrician). In contrast some audits have concluded that inability to meet this target has a positive rather than a negative impact on neonatal outcome [6, 26] Korda and Zimmermann explain that neonates who were expected to have a poor outcome were delivered faster, leading to a biased observation that a DDI >30 min would improve neonatal outcome.
Recently, [28] the effect of a simulation-based multidisciplinary team training proved that the proportion of emergency CS achieved within a 30 min time frame was higher after team training. [8] A limitation of this study is that we assessed the neonatal outcome only by APGAR scores and NICU admissions as these are claimed to be restricted measures of fetal hypoxia. We suggest that future audit should involve introduction of time sheets, after proper sensitization of the emergency care personnel involved in care of the parturient for emergency CS.
Conclusion
Identifying obstacles responsible for delay at different stages and improving coordination between members of the surgical team are essential components to improve the quality of services in obstetric units. Since these data are generated from a busy, tertiary care center, we find that there are huge gaps in areas of clinical practice which needs to be addressed and needs more critical appraisal to bring about improvements.
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